A kinetic mechanism of repair of DNA containing α-anomeric deoxyadenosine by human apurinic/apyrimidinic endonuclease 1.
α-Anomers of 2'-deoxyadenosine (αdA) are major products of deoxyadenosine damage when DNA is γ-irradiated under anoxic conditions. Such lesions are a threat to genomic stability and are known to be processed by human apurinic/apyrimidinic endonuclease 1 (APE1). The aim of this study was to determine whether the α-anomeric structure enhances enzyme recognition. For this purpose, we analyzed the kinetic mechanism of αdA conversion by APE1 using a stopped-flow fluorescence technique. Our data reveals that the initial formation of the complex of APE1 with an αdA-containing substrate is followed by at least three conformational transitions in this complex that correspond to the induced fit leading to the formation of a catalytically competent complex. A local perturbation around the αdA lesion in the DNA duplex allows APE1 to avoid the initial conformational changes observed earlier in the case of the enzyme binding to an undamaged ligand, abasic-site-, tetrahydrofuran-, or 5,6-dihydrouridine-containing substrates. The αdA structure promotes recognition by the enzyme but dramatically impedes formation of the catalytically competent complex and hydrolysis of the 5'-phosphodiester bond. A step following the chemical reaction, possibly a release of the αdA-containing product, is rate-limiting for the overall enzymatic process, though an α-anomeric nucleotide at the 5' terminus of the DNA nick accelerates dissociation of the enzyme-product complex. Our results show that the efficiency of αdA lesion conversion by APE1 is very low. Nonetheless, αdA repair by APE1 is probably a biologically relevant process.